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Superselective arterial embolization for treatment of 
angiomyolipoma in a patient with a single kidney

Embolização arterial superseletiva para tratamento de angiomiolipoma em  
paciente com rim único
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Abstract
The authors report on a case of a young woman who had previously undergone a right nephrectomy due to renal 
angiomyolipomas, currently presenting voluminous angiomyolipomas of the remaining kidney. The patient’s urologist 
referred her for endovascular treatment. Superselective arterial embolization of one tumor (located at the inferior renal 
pole), was conducted successfully. Several attempts at selective catheterization were made to embolize the second 
angiomyolipoma (located at the superior lobe), without jeopardizing a significant amount of the surrounding renal 
parenchyma, but this ultimately proved not to be feasible. The procedure and recovery were uneventful. The patient 
was discharged on the first postoperative day and has been followed for 9 months with no complications. The authors 
provide a brief review of the indications, technical aspects and complications of endovascular treatment of renal 
angiomyolipomas and also discuss the advantages of the endovascular approach over surgical resection for this kind 
of tumor. 
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Resumo
Os autores relatam o caso de uma paciente jovem previamente submetida a nefrectomia direita por apresentar 
angiomiolipomas renais (AMLRs) e portadora de dois volumosos angiomiolipomas no rim esquerdo remanescente. 
A paciente foi encaminhada pelo urologista para tratamento endovascular. Realizou-se embolização superseletiva 
de um dos tumores, localizado no polo renal inferior e em situação subcapsular; apesar de várias tentativas, não 
foi obtido um cateterismo seletivo suficiente para embolizar o segundo angiomiolipoma (localizado no polo renal 
superior) sem que um volume considerável de parênquima renal adjacente sofresse isquemia. O procedimento e a 
recuperação da paciente transcorreram sem complicações. A paciente recebeu alta no primeiro pós-operatório e vem 
sendo acompanhada ambulatorialmente há 9 meses sem intercorrências. É feita uma breve revisão sobre indicações, 
aspectos técnicos e complicações do tratamento endovascular dos AMLRs, além de serem discutidas vantagens dessa 
técnica quando comparada à ressecção cirúrgica dos tumores. 
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INTRODUCTION

Renal angiomyolipomas (RAMLs) are benign 
hypervascular tumors that involve a risk of hemorrhagic 
complications. They are hamartomas and they are 
composed, in varying proportions, of adipose and 
muscle tissues and blood vessels.1-4 They are rare 
tumors1,3 that account for 1% of renal masses, they have 
an incidence of 0.07 to 0.3% of the population,1 and 
they are twice as common among women.2 They occur 
sporadically in 801 to 90%2 of patients, while in 
102 to 20% of cases they are found in combination 
with tuberous sclerosis complex.

The treatment options for symptomatic RAMLs 
are surgical removal or embolization.3 Nowadays, 
embolization is the method of choice because of its 
minimally invasive character, because it prevents 
tumour rupture over the long term, because it has the 
capacity to preserve the normal renal parenchyma 
adjacent to the tumor,1-3,5-8 and because it is associated 
with a low rate of complications.1,4,6,7

The role of embolization in the presence of 
bleeding is already well-established. However, there 
is no consensus on when to intervene preventively. 
The criteria habitually used to indicate embolization are 
tumor size greater than 4 cm, intratumoral aneurysms 
larger than 4-5 mm, history of bleeding due to RAML 
and ocurrence of abdominal/lumbar pains.1,2

PART I: CASE REPORT

The patient was a 25-year-old female with tuberous 
sclerosis complex, who had undergone a right 
nephrectomy 10 years previously because of renal 
angiomyolipomas and was being monitored by a 
urologist because of the presence of angiomyolipomas 
in the left kidney.

She was referred for endovascular treatment because 
three RAMLs had been detected in the left kidney, 
one in the mid third measuring 1.6 cm in diameter 
and two subcapsular tumors at the upper and lower 
poles of the kidney with extrarenal projections and 
diameters of 4.3 and 5.4 cm, respectively (Figure 1). 
The decision to treat was based on the fact that the 
patient only had one kidney and on the sizes and sites 
of the RAMLs. Preoperative laboratory test results, 
including urea and creatinine assays, were within 
normal limits.

Superselective embolization of the arteries feeding 
the tumors at the upper and lower poles of the kidneay 
was planned.

PART II: WHAT WAS DONE

The procedure was conducted under local anesthesia 
and sedation, achieved via retrograde puncture of the 
right common femoral artery and placement of a 5F 
angiographic introducer. Pig-tail and curved cobra 2 5F 
catheters were used to conduct angiographs, via the 
abdominal aorta and the left renal artery. The angiographs 
showed that the left kidney was vascularized by a 
single renal artery and by hypervascularized tumors 
with extra-renal extensions located at the upper and 
lower poles of the kidney and with an angiographic 
appearance compatible with RAMLs.

Superselective angiographs using a Rebar microcatheter 
(Covidien) and X-pedition microguide (Meditronic) 
showed the tumors’ dysplastic hypervascularization. 
The arterial pedicles identified as responsible for 
feeding the tumor in the lower renal pole were 
embolized using 300 to 500 µm embosphere type 
microspheres (Medical). Although several attempts 
were made, it did n ot prove possible to achieve 
catheterization that was sufficiently selective to 
embolize the subcapsular tumor in the upper pole 
without subjecting a considerable volume of the 
adjacent renal parenchyma to ischemia. A decision to 
abort the procedure was taken. A control angiography 
showed considerable reduction in vascularization of 
the RAML in the lower pole (Figure 2).

Figure 1. Reconstruction from the computed tomography executed 
for planning of endovascular treatment. The arrowheads indicate 
the two larger tumors, located at the upper and lower poles of 
the kidney; the arrow indicates the arterial pedicle associated 
with vascularization of the lower pole tumor. Note the absence 
of the right kidney due to the previous nephrectomy.
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The patient retrurned to the ward for postoperative 
support, there were no notable intercurrent conditions, 
and she was discharged on the first postoperative day.

After 9 months’ outpatients follow-up, there has 
been no deterioration in renal function with relation to 
the patient’s preoperative status and she is free from 
complaints or signs of complications associated with 
the RAML that could not be embolized.

DISCUSSION

Embolization of the renal artery was first described 
in 1969 by Lalli and Peterson, primarily for treatment 
of hematuria and as paliative treatment for malignant 
kidney tumors. As materials have evolved and experience 
has been accrued with endovascular procedures, 
indications have come to include a vast spectrum 
of conditions including angiomyolipomas, vascular 
malformations, preoperative embolizations with the 
objective of attenuating intraoperative bleeding,2,6 
bleeding caused by iatrogenic injuries (percutaneous 
nephrolithotomy, biopsy, nephrostomy), ruptures of 
renal masses and penetrating and blunt renal traumas.7,8 
The availability of low profile catheters and more 
precise embolic agents have dramatically reduced 
morbidity associated with the procedure.6

The majority of RAMLs are diagnosed incidentally,2,3 
because 60% are asymptomatic; and while the tumoral 
growth rate is unpredictable, the tendency is that 
growth will occur. There is a correlation between 
RAML size and the occurrence of complications 
and/or symptoms.2,3 The most common manifestation 
is abdominal or lumbar pains in 85% of cases, palpable 

mass in 53% and anemia in 21%. Retroperitoneal 
bleeding or hematuria may also occur, and invasion 
of the renal parenchyma can lead to kidney failure. 
One rare manifestation that has been described is 
pulmonary embolism secondary to invasion of the 
inferior cava by the RAML.9

Ultrasonography (USG), computed tomography 
(CT) or magnetic resonance imaging (MRI) are 
normally sufficient for a diagnosis, since they can 
identify adipose tissue in the interior of the renal 
parenchyma. Calcifications typical of more aggressive 
tumors are rare in RAMLs. In these cases, MRI enables 
differential diagnosis. Renal cell carcinomas exhibit a 
low intensity signal on T1 and a high intensity signal 
on T2, whereas the opposite is true of fatty tissues.2

Additionally, in the presence of bleeding, RAMLs 
should be considered on the list of possible differential 
diagnoses of renal masses, even when there is no sign 
of fatty tissues within the lesion, because they could 
be masked by tumoral hemorrhage.2

If X-ray findings are characteristic of an RAML, 
its hypervascularized nature means that biopsy is only 
indicated in exceptional circumstances because of 
the risk of hemorrhage and since there is a minimal 
possibility that the results will change the therapeutic 
management chosen.

Angiography will show anomalous vascularization, 
with neovessels and microaneurysms. These vessels 
are more susceptible to aneurysm and rupture because 
the vascular wall has a lower normal elastic tissue 
content and the layer of muscle tissues is substituted 
by dense fibrous tissue, which explains these tumors’ 
predisposition to hemorrhage.2

Figure 2. (A) Selective arteriography of the kidney prior to embolization; the arrows indicate the target tumors for embolization. 
(B) Superselective arteriography of the pedicle feeding the tumor at the lower pole of the kidney. (C) Selective renal arteriography 
after embolization; the arrowheads indicate the projection of the lower pole tumor (already embolized), and the arrows indicate 
the upper pole tumor (which was not embolized); observe the preserved renal parenchyma adjacent to the embolized tumor.
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Criteria for intervention include diameter greater 
than 4 cm (some authors state 3.5 cm), intratumoral 
aneurysms larger than 4-5 mm1,2 and pain, active 
hemorrhage,1 multiple RAMLs, bilateral RAMLs 
or unilateral RAML when the patient only has one 
kidney, and patients with tuberous sclerosis complex.1,2,7

Several different studies have demonstrated the 
efficacy of embolization for treatment and prevention 
of hemorrhage.1-4

The procedure can be performed under local 
anesthesia, with or without sedation, but some 
authors believe that the procedure can be conducted 
more quickly and with greater safety under general 
anesthesia.6 The procedure may take a considerable 
time when several attempts are needed to achieve 
superselective catheterization and under these adverse 
conditions an immobile patient in a state of apnea 
facilitates the procedure.

A full aortography should be conducted in advance 
of embolization in order to assess the presence of 
accessory renal arteries or other arteries associated 
with vascularization of the tumor.6 Superselective 
embolization can provoke controlled occlusion of 
miniscule arterial branches that feed the tumor, 
with minimum compromise to vascularization of 
the adjacent normal parenchyma.3,6-8 Furthermore, 
it will often enable preservation of more functional 
nephrons than surgical resection.3,7 In the case described 
above, factors such as extending the duration of 
the procedure, the need for additional injections of 
iodinated contrast and the possibility of ischemia of 
the renal parenchyma because of failure to obtain 
superselective catheterization in a patient with only 
one kidney all contributed to the decision to end the 
procedure without having achieved embolization of 
the tumor located at the upper pole of the kidney. 
Considering the diameter of the tumor, it is likely 
that another attempt will be made at embolization 
directed specifically at this tumor, depending on the 
opinion of the treating urologist.

Several different embolic agents for treatment 
of RAMLs have been described in the literature, 
including particles of polyvinyl alcohol (PVA), 
ethanol, microspheres, gelfoam, coils,1-3,6,8 lipiodol,2,6 
n-butyl-cyanoacrylate adhesive, sotradecol6 and onyx.2

The disadvantage of PVA is that its particles have 
irregular size and shape, making obstruction of the 
microcatheter more likely, and the lack of particle 
uniformity can also cause unsatisfactory penetration 
of the agent into the more distal portions of the tumor 
vessels.2

Calibrated microspheres are easy to handle, diluting 
them in iodinated contrast and employing the zoom 

facility during injection makes it possible to monitor the 
embolization agent, and since they have regular sizes 
and surfaces, they rarely obstruct the microcatheter. 
It was because of these characteristics that this was 
the agent chosen in this case.2

Coils should be used with care because once released 
they block access to more distal segments of the 
vessel into which they are released and which could 
be needed for early or late reinterventions. Ruptures 
of aneurysms in RAMLs have been reported after 
coil embolization of distal segments of the vessels 
in which the aneurysms were located. The theory 
proposed to explain this is that occluding the vessel 
distal of the aneurysm increased the pressure on its 
walls, causing it to rupture. Coils can be released into 
the aneurysm or a proximal site, with the objective 
of preventing it from rupturing.2

Although recent guidelines recommend using 
microspheres with diameters larger than 500 µm, 
to avoid their passage through the intratumoral 
arteriovenous communications,1 there is not yet a 
consensus in the literature on the superiority of any one 
specific embolization agent for treatment of RAML. 
The choice of embolization agent should consider the 
physician’s familiarity and the materials available.2,3

Complications after preventative embolization of 
RAMLs are rare.1,4 The most frequent is post-embolization 
syndrome (PES), which is characterized by pain, 
fever, and self-limiting vomiting and nausea during 
the first days after embolization.1,4,8,10 The occurrence 
of PES varies from 3910 to 63%2 in published case 
series. Renal abscess formation can occur in around 
5%, and pleural effusion in 3% of cases. Hematoma 
at the puncture site2 and migration of the embolization 
agent causing ischemia of other organs8 are rare, but 
can occur.

Liquefactive necrosis of the adipose tissue 
making up the tumor1,2,4 can occur in up to 20% of 
patients, primarily in RAMLs with a higher adipose 
content (more than 50% of the mass of the tumor) 
and, in contrast with PES, it habitually manifests 
months after embolization,1 with lumbar pain, fever 
and/or lipiduria.2 Other later complications include 
renal or perirenal abscess, loss of kidney function, 
renovascular hypertension,10 and renoduodenal and 
renocolonic fistulas.4

The principal advantage that embolization offers 
over resection of the tumor is preservation of the 
functioning renal parenchyma.2 Also important are 
the minimally invasive character of the endovascular 
procedure, the low rate of early and late complications, 
the possibility of being performed under local anesthesia, 
and minimal intraoperative bleeding.7
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In cases with active hemorrhage, the procedure has 
success rates of up to 86%, in addition to provoking 
gradual reduction of the tumor. As an elective 
procedure it prevents hemorrhages in up to 94% of 
cases, and duration of hospital stay does not tend to 
exceed 24 hours.2

Postoperatively, reduction of the tumor should not 
be used as the only parameter for assessing the success 
of embolization. Disappearance of the symptoms 
that were initially present, absence of tumor growth 
and non-recurrence of hemorrhages should also be 
considered.2

REFERENCES

1. El Rafei ME, Renard B, Puech P, Devos P, Gaillard V, Lemaître 
L. Tumor necrosis after preventive embolization of large renal 
angiomyolipomas. Diagn Interv Imaging. 2015;96(6):579-87. http://
dx.doi.org/10.1016/j.diii.2015.01.008. PMid:25823980.

2. Palácios RM, Góes AS, Albuquerque PC, Aguiar MF, Ribeiro FR, 
Góes AM Jr. Tratamento endovascular de angiomiolipoma renal 
por embolização arterial seletiva. J Vasc Bras. 2012;11(4):324-5. 
http://dx.doi.org/10.1590/S1677-54492012000400013.

3. Huang Q, Zhai RY. Embolization of symptomatic renal angiomyolipoma 
with a mixture of lipiodol and PVA, a mid-term result. Chin J 
Cancer Res. 2014;26(4):399-403. PMid:25232211.

4. Sheth RA, Feldman AS, Walker TG. Renoduodenal fistula after 
transcatheter embolization of renal angiomyolipoma. Cardiovasc 
Intervent Radiol. 2015;38(1):232-5. http://dx.doi.org/10.1007/
s00270-014-0887-0. PMid:24722895.

5. Myoen S, Mitsuzuka K, Saito H, Ota H, Takase K, Arai Y. Spontaneous 
rupture of a renal angiomyolipoma at 25 weeks of pregnancy treated 
with transarterial embolization: a case report and review of the 
literature. Int J Urol. 2015;22(7):710-2. http://dx.doi.org/10.1111/
iju.12775. PMid:25881870.

6. Provenza G, Sparagna A, Cunsolo GV, et al. Renal artery embolization 
in a gross kidney neoplasm: case report. G Chir. 2013;34(9-10):263-
6. PMid:24629812.

7. Ząbkowski T, Piasecki P, Zieliński H, Wieczorek A, Brzozowski 
K, Zięcina P. Superselective renal artery embolization in the 
treatment of iatrogenic bleeding into the urinary tract. Med Sci 

Monit. 2015;21:333-7. http://dx.doi.org/10.12659/MSM.892112. 
PMid:25627580.

8. Wang C, Mao Q, Tan F, Shen B. Superselective renal artery 
embolization in the treatment of renal hemorrhage. Ir J Med Sci. 
2014;183(1):59-63. http://dx.doi.org/10.1007/s11845-013-0972-4. 
PMid:23733504.

9. Yu L, Gu T, Xiu Z. Pulmonary embolization as the primary clinical 
manifestation of giant renal angiomyolipoma. Ann Thorac Surg. 
2013;96(4):1484. http://dx.doi.org/10.1016/j.athoracsur.2013.01.060. 
PMid:24088471.

10. Rao D, Yu H, Zhu H, Yu K, Hu X, Xie L. Superselective transcatheter 
renal artery embolization for the treatment of hemorrhage from 
non-iatrogenic blunt renal trauma: report of 16 clinical cases. Ther 
Clin Risk Manag. 2014;10:455-8. PMid:24966683.

*Correspondence 
Adenauer Marinho de Oliveira Góes Junior 

Rua Domingos Marreiros, 307/802 - Umarizal 
CEP 66055-210 - Belém (PA), Brazil 

Tel.: +55 (91) 93241-1044 
E-mail: goesjunior@ufpa.br; adenauerjunior@gmail.com

Author information 
AMOGJ - Vascular surgeon, board-certified in angioradiology 

and endovascular surgery. Professor at Faculdade de Medicina, 
Universidade Federal do Pará (UFPA) and Centro Universitário do 

Estado do Pará (CESUPA). MSc and PhD from Programa de Ciências 
Cirúrgicas Interdisciplinares, Universidade Federal de São Paulo, and 
scientific director at Sociedade Brasileira de Angiologia e de Cirurgia 

Vascular (SBACV-PA). 
SAHJ - Vascular surgeon, professor at Faculdade de Medicina, 

Universidade Federal do Pará (UFPA). 
JRCS - Urologist, Hospital Porto Dias.

Author contributions 
Conception and design: AMOG, SAHJ, JRCS 

Analysis and interpretation: AMOG, SAHJ 
Data collection: AMOG 

Writing the article: AMOG, SAHJ 
Critical revision of the article: AMOG 

Final approval of the article*: AMOG, SAHJ, JRCS 
Statistical analysis: N/A. 

Overall responsibility: AMOG 
 

* All authors have read and approved of the final version of the  
article submitted to J Vasc Bras.

http://dx.doi.org/10.1016/j.diii.2015.01.008
http://dx.doi.org/10.1016/j.diii.2015.01.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25823980&dopt=Abstract
http://dx.doi.org/10.1590/S1677-54492012000400013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25232211&dopt=Abstract
http://dx.doi.org/10.1007/s00270-014-0887-0
http://dx.doi.org/10.1007/s00270-014-0887-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24722895&dopt=Abstract
http://dx.doi.org/10.1111/iju.12775
http://dx.doi.org/10.1111/iju.12775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25881870&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24629812&dopt=Abstract
http://dx.doi.org/10.12659/MSM.892112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25627580&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25627580&dopt=Abstract
http://dx.doi.org/10.1007/s11845-013-0972-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23733504&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23733504&dopt=Abstract
http://dx.doi.org/10.1016/j.athoracsur.2013.01.060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24088471&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24088471&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24966683&dopt=Abstract

